interventions. 2 Fluid removal and subsequent restitution during hemodialysis in a patient with septic shock provided us the opportunity to observe the variation in dynamic LVOTO, which was related to the ventilatory cycle. This observation highlights the predominantly preload dependent nature 3 of dynamic LVOTO when it occurs in the absence of any anatomical predisposing factor.
D ynamic forms of subvalvular left ventricular outflow tract obstruction (LVOTO) have been extensively described in various conditions. 1 Routine use of echocardiography in our clinical practice has shown that dynamic LVOTO is less uncommon than previously thought in critically ill patients even in absence of any anatomical predisposing factor. This condition can mimick cardiogenic shock but requires completely opposed therapeutic The cyclic appearance of dynamic left ventricular outflow tract obstruction during mechanical ventilation, according to the phasic changes in preload, is described in this article. Hemodialysis-induced fluid removal resulted in preload dependence as evidenced by the pulse pressure variation in a 56-year-old critically ill patient. The clinical picture was suggestive of myocardial failure. Transthoracic echocardiography disclosed dynamic left ventricular outflow tract obstruction associated with systolic anterior motion of the mitral valve. Progressive fluid restitution resulted in a parallel decrease in both the degree of dynamic obstruction and pulse pressure variation. During fluid loading, dynamic obstruction disappeared at first during the inspiratory phase of intermittent positive pressure ventilation corresponding to the phasic increase in left ventricular preload. Further fluid loading resulted in the disappearance of dynamic obstruction during both inspiratory and expiratory phase of intermittent positive pressure ventilation. This is the first reported case clearly relating left ventricular outflow tract dynamic obstruction to preload dependence during mechanical ventilation in a critically ill patient without predisposing anatomical factor. Keywords: dynamic left ventricular outflow tract obstruction; mechanical ventilation; preload dependence blood gases were as follows: pH, 7.37; PaCO 2 , 32 mm Hg; PaO 2 , 93 mm Hg; and base deficit, 7. The patient was treated with continuous infusion of norepinephrine: blood pressure (BP), 110/60 mm Hg; heart rate (HR), 102 beats per minute (bpm; sinus rythm); central venous pressure, 13 mm Hg.
Hemodialysis was initiated because of acute renal failure and persisting oliguria despite a positive cumulative fluid balance of 10 kg. After fluid removal of 1.5 L, severe arterial hypotension occured (65/ 40 mm Hg). Heart rate was 110 bpm (sinus rythm). The patient presented with clinical signs of pulmonary edema and arterial desaturation (SpO 2 85%). Clinical examination disclosed a new systolic murmur. Central venous pressure was 15 mm Hg, but invasive arterial monitoring displayed a hemodynamic profile suggestive of severe preload dependence: pulse pressure variation (PPV) was 35%. 3 Close observation of the arterial pressure curve revealed a biphasic appearance of the pulse pressure, the so-called bisferiens pulse. This prompted us to perform transthoracic echocardiography. Bidimensional examination disclosed systolic anterior motion (SAM) of the mitral valve. Continuous wave Doppler analysis of the subaortic flow revealed a typical dagger blade shape appearance with a end systolic acceleration of 6 m/s, suggesting a pressure gradient around 100 mm Hg (simplified Bernoulli equation). Color Doppler examination disclosed severe mitral regurgitation associated with SAM. Left ventricular cavity was markedly reduced but parietal thickness was within normal range.
Results
At onset of LVOTO after 1.5 L of fluid removal, blood pressure was 60/41 mm Hg and HR was 110 bpm. Pulse pressure variation (35%) was suggestive of severe preload dependence, and a bisferiens arterial pulse was observed during both inspiratory and expiratory phase of IPPV ( Figure 1A ). There was a major endsystolic acceleration of the subaortic flow (maximal velocity ~6 m/s) with a typical dagger blade shape ( Figure 1B ). This aspect associated with SAM ( Figure 1C ) persisted during the whole respiratory cycle.
After partial fluid restitution (~1 L), blood pressure was 97/51 mm Hg and HR was 101 bpm. Pulse pressure variation decreased somewhat to 25% (Figure 2A ). Bisferiens pulse was observed only during the expiratory phase. Endsystolic subaortic flow acceleration progressively decreased to 2 to 3 m/s and eventually persisted only during the expiratory phase ( Figure 2B ).
After total fluid restitution (~2 L), blood pressure was 122/55 mm Hg and PPV was markedly reduced to 12%, which were, therefore, below the threshold value for preload dependence. 3 Heart rate was 90 bpm. No bisferiens pulse ( Figure 3A) , no SAM, nor significant endsystolic flow acceleration ( Figure 3B ) was observed during the whole respiratory cycle. At this time, systolic murmur totally disappeared, and pulmonary edema progressively resolved. The main results are graphically summarized in Figure 4 .
Discussion
Subaortic dynamic obstruction most often involves the association of an anatomical predisposition and hemodynamic conditions favoring the systolic anterior excursion of the mitral leaflets. Anatomical predisposing factors may be specific for some peculiar diseases such as hypertrophic obstructive cardiomyopathy, postoperative status after aortic valve replacement for stenosis, and mitral valve repair. 1 In the general ICU patient, the most frequently encountered predisposing factors include symmetric concentric LV hypertrophy, septal bulging, and posterior calcification of the mitral valve, which are most often seen in elderly patients with a longstanding history of arterial hypertension. 4 However, dynamic LVOTO may occur in absence of any evident anatomical predisposing factor as demonstrated by autopsy study. 5 Intracardiac hemodynamic abnormalities leading to SAM involve excessive left ventricular outflow acceleration and reduction in lateral pressure resulting in Venturi effect attracting the anterior leaflet of the mitral valve. 1 Severe hypovolemia with LV cavity systolic obliteration, severe vasoplegia, and inappropriate inotropic stimulation are the most common conditions associated with left ventricular outflow acceleration. 5 The cyclic appearance of SAM during the expiratory phase of intermittent positive pressure ventilation highlights the preload dependence of this phenomenon. Fluid removal by hemodialysis induced a severe preload dependence as disclosed by the major increase in PPV. 3 Intracardiac flow acceleration and SAM occurred in close relationship with the PPV increase. Fluid restitution induced a progressive decrease in intracardiac velocity and the disappearance of SAM in close temporal relationship with the decrease in PPV (Figure 4 ). During fluid loading, these changes occurred first during the inspiratory phase of IPPV corresponding to the phasic increase in LV preload 6 and with progressive filling extended to both inspiratory and expiratory phases.
The main hemodynamic consequences of SAMinduced LVOTO are as follows: the addition of a resistive factor to the left ventricular outflow responsible for a dynamic form of obstructive shock and a moderate to severe mitral regurgitation due to the anterior displacement of the anterior mitral leaflet resulting in a coaptation defect.
These hemodynamic disturbances can result in a clinical picture of cardiogenic shock, which typically remains unresponsive to conventional therapy (inotropes and diuretics). 2, 5 Both subaortic narrowing and mitral regurgitation contribute to the occurrence of a new systolic murmur. 7 The obstructive phenomenon can explain the appearance of bisferiens arterial pulse on the arterial monitoring. 8 Bisferiens pulse has a waveform characterized by 2 positive systolic peaks: the first one rises rapidly early in the systole, and the second one, somewhat smaller and slower, occurs after a small decline in pressure in the late systole. Bisferiens pulse is explained by the midsystolic drop in LV ejection due to SAM and late systolic reincrease due to mitralseptal separation. 8 However, bisferiens pulse is not specific for SAM-related LVOTO as it may be encountered in various conditions associated with the rapid ejection of the stroke volume (aortic regurgitation, fever, and vasoplegia). 9 In conclusion, dynamic LVOTO may arise in critically ill patients without any predisposing anatomical factor. The data presented here illustrate the exceedingly high preload dependence of this Left Ventricular Dynamic Obstruction During Mechanical Ventilation / Canivet et al 283 phenomenon. The association of cardiogenic shock, new systolic murmur, bisferiens pulse, and increased pulse pressure variation could be suggestive of the diagnosis. A paradoxical worsening response to conventional treatment (inotropes and diuretics) should prompt to perform echocardiography, which definitely provides the diagnosis.
